Abstract The anterior aspect of the upper thoracic spine is a difficult region to approach in spinal surgery. Many vital structures including osseus, articular, vascular and nervous ones hinder the exposure. With increasing frequency, spine surgeons are being asked to provide decompression and stabilization in patients with spinal tumors .The traditional exposure is between the esophagus and trachea medially and the left common carotid or the brachiocephalic artery (BCA) laterally, and the disadvantages were that the ligation and section of the left innominate vein is proposed to reach T4 and the injury of the thoracic duct could occur. The right space of the BCA or the ascending aorta (AA) (the exposure between the right brachiocephalic vein and the BCA or between the AA and superior caval vein) is recommended in exposing the upper thoracic vertebrae; this new space is technically feasible; the exposure is sufficient for vertebral body resection and reconstruction and fixation. Twentyeight patients with upper thoracic spine tumors underwent surgery by the use of this new space between June 2000 and October 2005. A strut graft was fixed anteriorly after decompression of the spinal cord. Levels C7-T5 can be well exposed through this new space, allowing complete vertebral body removal at level T1-T4. After body removal, the posterior longitudinal ligament is well exposed, allowing complete release of the spinal cord. Curettage was performed in one case of aneurysmal bone cyst and three cases of bone giant cell tumors. For other tumors, vertebrectomies or sagittal resections were performed. Four patients underwent surgery by a combination of anterior and posterior approach.
Introduction
The anterior aspect of the upper thoracic spine is difficult to expose, and many techniques have been described [3] . Most of the previously described techniques are extensile and require osteotomy of the clavicle [16] or sternotomy [18] . A thoracic lateral approach requires elevation of the scapula [4] with extensile muscle dissection and rib resection, leading to significant morbidity. A cervical approach [5] does not allow good spinal cord decompression at the levels T1, T2 or T3, because it is not possible to see the posterior vertebral ligament, and osteosynthesis is not easy due to the obliquity of the access. On the other hand, the traditional exposure is between the esophagus and trachea medially and the left common carotid or the brachiocephalic artery (BCA) laterally (Fig. 1) , and the disadvantages were that the ligation and section of the left innominate vein is proposed to reach T4 or T5 and the injury of the thoracic duct could occur [4, 7, 9, 11-14, 16, 18] . Our previous study [19] showed that the anterior aspect of the upper vertebral body from C7 to T4 can be easily exposed through the right space of the brachiocephalic trunk [between the right brachiocephalic vein (R-BCV) and the BCA]; our clinical experience showed that T3-T5 can be easily exposed through the right space of the ascending aorta (AA) [between the AA and superior caval vein (SCV)]. We used a transmanubrium approach and the right space of the brachiocephalic trunk or the AA in 28 patients without ligation and section of the left innominate vein and avoiding the injury of the thoracic duct, which made it possible to decrease the morbidity and optimize visualization.
Materials and methods

Patient collective
Twenty-eight patients underwent surgery by the use of a modified transmanubrium approach and the right space of the brachiocephalic trunk or the AA between June 2000 and October 2005. All patients presented with pain and/or neurological deficits and underwent preoperative magnetic resonance imaging (MRI). Neurologic function was graded according to the classification of Frankel et al. [6] . There were eight cases of bone giant cell tumors, four osteosarcomas, two chondrosarcomas, two eosinophilic granulomas, one aneurysmal bone cyst, one non-Hodgkin's lymphoma, one solitary plasmacytoma, one malignant fibrous histiocytoma, and eight metastatic carcinomas. According to Tomita et al. [17] surgical staging system for spine tumors, the tumors were divided into following types: type I (21 patients), type II (1), type III (3), type V (1), type VI (2).
Operative technique
The patient is placed supine on the operating table under general endotracheal anaesthesia; the neck is hyperextended and turned to the left side (Fig. 2) . For a better exploration after sternotomy, a rolled towel is placed between the scapulae. A stomach tube is placed for a better intraoperative identification of the oesophagus; in case of suspected leakage of the ductus thoracicus, this tube can also be used for diagnosis. Intra-venous antibiotics are given; we prefer 48 to 72-h shot with cephalosporine. All areas in contact with the table must be well padded, then the right anterior neck and chest are prepared and draped in sterile fashion. If the C7-T1 is the goal, this approach is combined with the cervical one described by Robinson and Smith [15] . In this case the skin incision starts with a longitudinal cut about 4-8 cm cranial of the jugulum along the anterior aspect of the sternocleidomastoid muscle to the jugulum, then it follows as a midline incision on the sternum to 2 cm caudal of the sternal angle. The platysma muscle is incised, subcutaneous tissue is incised, and the anterior veins may be sectioned. Although the external and internal jugular veins and the medial subclavicular nerve can be retracted, they may be sacrificed if exposure and mobilisation warrant. Then the superficial and deep Fig. 2 The patient is placed supine on the operating table, the neck is hyperextended and turned to the left. The skin incision of the modified transmanubrium approach cervical fascia are divided, and the sternocleidomastoid muscle is mobilized, followed by blunt dissection to create a plane between the carotid sheath and the trachea. After subperiosteal exposure of the sternum, retrosternal fat tissue and rests of the thymus are digitally removed from the sternum. Limited sternotomy (2 cm caudal of the sternal angle) and transverse osteotomy of the right splitting sternum at the end of the splitting sternum follows with a sternotome or a sternal saw (Fig. 3) . Bleeding from the sternum is stopped by bone wax, and then the retractor is inserted. The sternohyoid and sternothyroid muscles are divided, allowing connection of the region of the lower cervical and the upper thoracic spine. By blunt dissection downward, the brachiocephalic or innominate vein is identified. For better exploration the inferior thyroid artery and vein may be ligated. The esophagus and the trachea and the BCA or the AA were then retracted to the left together with the recurrent laryngeal nerve or vagus nerve, and the R-BCV or SCV were gently retracted to the right. The right space of the BCA (between the R-BCV and the BCA) offers good access to T4 (Figs. 4, 5a, b) , assisted by the caudal retraction of the base of the left brachiocephalic vein (L-BCV), no need to ligate and section the left innominate vein. If T5 must be reached, the right space of the AA (between the AA and SCV) is recommended (Figs. 4, 6a, b) . A strut graft was fixed anteriorly after decompression of the spinal cord. Levels C7-T5 can be well exposed through this new space, allowing complete vertebral body removal at level T1-T4. After body removal, the posterior longitudinal ligament is well exposed, allowing complete release of the spinal cord. Curettage was performed in one case of aneurysmal bone cyst and three cases of bone giant cell tumors. For 20 patients in type I (17), type V (1), and type VI (2), tumors of which involved the vertebral body, vertebrectomy (resection of the vertebral body) [2, 17] was performed. For four patients in type II (1) and type III (3), tumors of which involved part of the body and part of the arch, sagittal resections (resection of part of the body and the posterior arch) [2, 17] were performed by double combined approach in the same operation. As a body or lesion replacement, different possibilities according to the pathology are described. In case of benign disease we use autogenous bone graft harvested from the dorsal iliac crest, and for malignant bone tumours using bone cement (Fig. 7a-d) . To secure the strut, anterior cervical titanium alloy plates can be used until T5 (Fig. 7a-d) . Closure is by irrigation, haemostasis and placement of a deep drain. The sternohyoid and sternothyroid muscles are resutured, if they were dissected. The wound closure of the subcutaneous tissue and skin is routine, the neck is closed in two layers, the platysma and skin. A chest tube is not needed until the pleura remains closed.
Radiotherapy and chemical therapy were given accordingly.
Results
Operative findings and postoperative assessment
The right space of the brachiocephalic trunk or the AA offers good exposure and working room from C7 to T5. The operation time is 90-180 min with an average of 116 min and the bleeding during operation is 
Complications
Eleven cases of bradycardia and hypotension or increasing airway resistance occurred intraoperatively. Three patients had transient voice hoarse due to laryngeal nerve injury, and the symptoms disappeared 2 months postoperatively. There were no vascular injuries, no infections. Four patients died from general metastasis and failure 10-20 months postoperatively; they included one case of T2 osteosarcoma and three cases of T1-T4 metastatic cancers originated from breast, colorectum and unidentified origin respectively. Two patients with giant cell tumor recurred 10 months postoperatively.
Discussion
With increasing frequency, spine surgeons are being asked to provide decompression and stabilization in patients with spinal tumors. A significant anterior destruction caused by tumors leads to the natural tendency toward kyphosis and anterior collapse with compression of the spinal cord [5] . Surgical treatment should attempt to achieve bony stability, preserve neurologic function and minimize patient morbidity.
While no region of the spine is easily treated, the upper thoracic spine is perhaps the least accessible. It is very difficult to excise such a tumor, because it is not easy to approach the upper vertebral body through a conventional approach such as the posterior or lateral route. The surrounding rib cage provides support, but also acts as an obstacle to plain radiography and surgical access. Different approaches are described in the literature [4, 7, 9, [11] [12] [13] [14] . To have sufficient manual working room, the sternotomy approach first described in 1957 [12] is recommended because transpleural approaches to the upper thoracic spine inadequately expose the lower cervical spine; standard approaches to the cervical spine may offer good exposure to T1, but the working room more distally is poor. Another advantage is that it does not interfere with shoulder function like the high anterior transthoracic approach by Hodgson et al. [8] or the modified anterior approach to the cervicothoracic junction described by Kurz et al. [10] . Disadvantages are that the operative wound is narrow and deep [1] . Louis [12] in 1985 described a modified approach to the cervicothoracic junction which offers good exposure and working room from C6 to T4. The traditional exposure is between the esophagus and trachea medially and the left common carotid or the BCA laterally, and the disadvantages were that the ligation and section of the left innominate vein is proposed to reach T4 and the injury of the thoracic duct could occur [4, 7, 9, 11-14, 16, 18] . We used a transmanubrium approach and the right space of the brachiocephalic trunk or the AA in 28 patients, no need to ligate and section the left innominate vein. Our previous study [19] showed that the anterior aspect of the upper vertebral body from C7 to T4 can be easily exposed through the right space of the brachiocephalic trunk (between the R-BCV and the BCA), compared with traditional space. Our clinical experience showed that T3-T5 can be easily exposed through the right space of the AA (between the AA and SCV). On the other hand, because the thoracic duct empties into the systemic venous system from T1 to T2 on the left, we use the right approach in the cervical region, which avoids the injure of the thoracic duct. In short, this transmanubrium approach and the two spaces made it possible to decreases the morbidity and optimize visualization. The dangers to be avoided are esophagus injury, and pleura, and recurrent laryngeal nerve or vagus nerve, and vessel damage; blunt dissection and gentle retraction are recommended. Special attention is that bradycardia and hypotension and increasing airway resistance may occur due to stimulation of retraction; if these things happen, retraction must be removed until normal blood pressure and airway pressure recover.
Vertebrectomy and complete neurologic decompression was performed, because this approach and this new space allows a very good view. The 
Conclusion
The right space of the brachiocephalic trunk offers good exposure and working room from C7 to T4; the right space of the AA offers good exposure and working room from T3 to T5; two of them were less invasive than those previously described. We report no major complications, but this experience is limited and must be confirmed by further surgery.
